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ABSTRACT  
 
In this paper attempts have been made to find a suitable means of containing and collecting this 
hazardous waste leachate.  The proposed method of recycling with microwave using 
stabilization/solidification technique incorporates the use of cement and waste paints as the 
materials for the curing.  The study shows the effect of the compressive strength of the waste 
paint in cement and the leakage level subjected to microwave heating.  The experimentation 
conducted in this work involves microwave curing of cement and waste paints applying 
microwave power of 800W at 30%, 50%, 80% and 100% heating rate.  In this work the cement 
mixed with different volumes of water was subjected to microwave curing for a specific timing 
using a 115 mm X 115 mm and 58 mm container.  Waste paints and domestic pesticides 
containing toxic chemicals are cured with microwaves at different holding locations in the 
solidified cement to get the optimum compressive strength.  From the present study it was 
realised that microwave cured specimen having better compressive strength than conventionally 
cured specimen and also having improved curing efficiency by reducing the curing time.  The 
leakage test results also indicated that no leakage was observed after the specimens contained 
used paints submerged for a definite period of time.  
  
1. INTRODUCTION AND BACKGROUND 
 
For a long time, industrial and domestic wastes have been regarded a cheap land reclamation and 
landfill material. Amoug the many wastes used for these purposes are dredged spoils from 
harbours and channels, mine tailing, pulverised slags, fly ash from power stations, industrial and 
household grabage and sewage sludge. These wastes are commonly high in hazardous chemical 
and there is many reports showing that soils derived from these wastes are also enriched with 
these chemical.  The most common problems with landfill of wastes are the contamination of 
underground water, river and sea, which also pose marine problems. Hence 
stabilization/solidification Techniques have shown potential in solving environmental problems 
for waste disposal. The stabilization/solidification technique experimented in this thesis is 
cement-based.  Cement-based techniques generally use Portland cement as a bonding material 
for wastes disposal. Successful bonding structure involved preparation of adding the right 
amount of water and waste paint subjecting it to microwave heating.    
 
Microwave heating is considered to be an alternative method of curing the waste cement 
structure since the microwave energy is input directly directly into the mixture rather than 
through the mixture boundaries.  Hence leakage of poisonous gaseous and substances are being 
further minimised. Microwave curing also speed up the time and leads to an improvement in 
bonding quality and minimise leakage levels. The heating of Portland Cement can be achieved 
by adding water into the waste-cement mixture. Water having a dielectric loss factor of 2.44 is a 
great absorption of heat to heat up the waste-cement mixture [6].  The additional source of heat 
generated from the water helped the sample to heat up quickly in the microwave [7].  In many 
cases, microwave offer superior drying properties to those thermal techniques in solidifying the 
waste-cement mixture [8].  
2. THEORY OF MICROWAVE HEATING 
 
Dielectric heating technologies bring unique capabilities to the processing of hazardous wastes. 
Potential opportunities for using these techniques can be described by classifying and matching 
waste streams to the particular features of dielectric heating. Microwave and RF application for 
processing hazardous waste are at various stages of development and include: Solvent recovery, 
regeneration of activated carbon, pyrolysis of rubber tires, soil remediation, and disinfection of 
hospital wastes.  Other solutions to environment problems can include the replacement of 
conventional fossil-fired processes (eg, RF-assisted post-baking of biscuits) and  microwave 
heating of catalyst substrate material for automotive emission control. Examples of dielectric 
heating systems that are processing hazardous waste are used to illustrate the benefits of these 
technologies and to characterize for future opportunity [9].   Microwaves, as the name indicates, 
are small waves, specifically, waves having short wavelengths. The term microwave designates 
the range of frequencies in the electromagnetic spectrum from about 300 MHz to 300 GHz. Most 
of the the bands used for radio and television are below 300 MHz.   Electromagnetic energy 
travels along a microwave line as guided waves. The waves consist of periodically varying 
electric and magnetic fields which adjust to a configuration on the line satisfying Maxwell’s 
equations [6]. Types of transmission lines used for microwaves are characterized into three 
groups such as: the open-wire TEM lines,  coaxial TEM lines  and waveguides.  
 
3. EQUIPMENT AND TESTING PROCEDURES USED 
 
Three set of tests were conducted to study the effect of microwave curing on the bonding  of  
Portland cement and waste paints.  The first set test the compressive strength of the Portland 
cement between conventional and microwave curing. It was conducted with the use of a 
commercial microwave oven (Brand :  MARKE )  at 30%,  50%, 80% and 100%  power mode of 
a 800 watts microwave oven at a frequency of 2.45 GHz. The second set deals with determining 
the density changes for  leakage test. The last set determine the microscopic structure of the 
Portland cement subjected to microwave heating at different power modes. The compressive 
strength test was being conducted in two phases. First phase determined the compressive strength 
of Portland cement at different water ratio (300 ml, 400 ml and 500 ml) mixed with cement and 
sand at a ratio of 1:5 subjected to 30%,  50%, 80% and 100% power heating using a 115 mm x 
115mm x 58 mm microwaveable container.  Using the optimum water ratio and power mode 
obtained to proceed phase two. Second phase determined the strength at desired water ratio and 
microwave power rating with waste paints added. Different holding distance of the paints were 
experimented to achieved optimum strength structure as shown in Fig.1. Leakage test was 
conducted by submerging the solidified cement-waste blocks into water to determine density 
changes over period of time. Microscopic test was also conducted  to determine the microwave 
cure structure of portland cement. 
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                           Figure 1 : Holding Distance for  waste paints 
 
4. RESULTS AND DISCUSSIONS 
 
4.1 Correlation  of  the  Compressive  Strength  of Cement  with Varying Water  Ratio 
 
As shown in table 1, from the compressive strength obtained for 300ml, 400ml and 500 ml  of 
water used, it was found that the best compressive strength achieved has been recorded by 30% 
power mode microwave heating conditions. This could be due to the fact that the strengthening 
of the cement mixture cannot exceed a minimum heating rate.  It required a slower pace of 
heating to output a optimium result. It was also noted that microwave curing have better 
compressive strength than conventional curing.  Thus the ideal heating parameter that gives the 
optimum strength is at 30% power mode.  We could see that compressive strength of cement 
increases with increase in water ratio. However,  the strength of cement drops upon reaching 
500ml water ratio. We could conclude that the ideal maximum water level lies between 400 to 
500ml region. When cement was subjected to  microwave energy,  water is evaporated at a faster 
rate. The strength of the cement required a minimum amount of water to develop the hardening 
process.  Hence 400ml-water ratio was observed to be the desired parameters. A similar test was 
done on conventional curing strength and it was found that the strength decrease with increase in 
water added 1. This could due to the fact that conventional curing having too much water infact 
decrease the cement strength properties and further proven the theory  that the best portion of 
water to add is 400ml for 1 kg of cement used.  Hence the optimum parameters observed to be 
used for the microwave curing of waste paint is recommended to be at 30% power mode with 
400 ml of water ratio.  
 
Table 1  Comparison of the compressive strength for two different specimens 
  
Expt.         Water ratio (ml)         % o  Microwave                         Compressive Strength for         
 No.              Ratio (ml)               Power (800W)           Microwave Cured (Mpa)  Ambient Cured (Mpa) 
1                 300 ml                           30%                                      9.62                                  3.57 
2                 300 ml                           50%                                      8.44                                  3.57 
3                 300 ml                            80%                                     7.10                                  3.57 
4                 300 ml                          100%                                     6.86                                  3.57 
5                 400 ml                            30%                                   10.98                                  3.46 
6                 400 ml                            50%                                     9.26                                  3.46 
7                 400 ml                             80%                                    7.62                                  3.46 
8                 400 ml                           100%                                    7.02                                  3.46 
9                 500 ml                             30%                                    7.38                                  2.70 
10               500 ml                             50%                                    7.58                                  2.70 
11               500 ml                             80%                                    7.22                                  2.70 
12               500 ml                           100%                                    7.94                                  2.70 
 
4.2 Correlation  Between  the  Temperature  and  Timings  obtained subjected  to microwave  
Heating  
 
As observed from the experiment,  the rate of  temperature increase over times under the 
influence of the 4 power mode of the microwave oven on 400 ml of water ratio. The  400ml was 
shown as it was the desired optimum parameter obtained.  The temperature is taken every 30 
secs upon heating  and  Fig.3a shows that for a 30% power mode heating, it took 270 secs to 
reach almost 70 °C and 210 secs for a 50% power mode as shown in Fig.3b. In addition we could 
see that the timing required changes rapidly as it goes into 80% power mode requiring 150 secs 
as shown in  Fig.3c and 90 secs for 100% power mode as shown in see Fig.3d. This could be due 
to the fact that water being a good absorber of microwave energy fasten the  heating up process 
of the cement-waste block. From the graph  obtained, the rate of temperature increment is about 
5 °C every 30 secs heating for 30% power mode,  8 °C  for 50% power mode,  10 °C for 80% 
power mode and 15 °C for 100% power mode. 
 
 
 
 
 
 
 
 
 
 
 
 
         (a) 30% Power Mode    (b) 50% Power Mode 
 
 
 
 
 
 
 
 
 
 
 
  (c) 80% Power Mode     (d) 100% Power Mode 
 
      Fig. 3  Comparison Vs. Time for 80% and 100% Power Mode Heating 
 
Correlation  of  the  Compressive  Strength  of  Portland  Cement  and waste  Paint  with  
400 ml of  Water  Ratio 
 
This section determine the strength of the cement-waste structure under holding distance of 20 x 
20 cm, 30 x 30 cm, 40 x 40 cm and 50 x 50 cm(see Fig.1 ). Two volume of paints ( 50ml and 
100ml ) is being trial in this experiments. Results have shown that a holding distance of 40 x 40 
cm  for 50ml paints disposal among the 4 holding distance give the best compressive strength 
values (5.27 MPa). The highest strength achieved for a 100ml paints disposal was on a holding 
distance of 30 cm x 30cm (5MPa). Hence for the experiment,  a holding distance of  40 cm x 
40cm for 50ml was recommended because it has the best compressive strength  among the 
readings.The compressive strength result is being tabulated in table 2 and 3. 
 
Table 2 : Comparison results of Holding Distances for 50ml of waste paints 
 
Holding Distance (cm) 
20 x 20 30 x 30 40 x 40 50 x 50 
30% power 
400 ml 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
1 4.4 5 3.5 4.3 
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Table 3 :  Comparison results of Holding Distances for 100ml of waste paints 
 
Holding Distance (cm) 
20 x 20 30 x 30 40 x 40 50 x 50 
30% power 
400 ml 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
Compressive 
Strength 
(MPa) 
1 3.6 4.2 3.5 3 
2 2.9 5.1 3 2.8 
3 3 5.7 3.3 3.2 
Average : 3.17 5 3.27 3 
 
 
Correlation  of  the  Leakage  Level over  Period  of  Time 
 
Leakage level is determine by the the density changes  of cement-waste block submerging under 
water over period of time to simulate underground water beneath the soils (Results tabulated in 
table 4). From the result obtained (see Table 5),  the average density increase for 1 day 
submerging water is about 2.37%. ,  for 6 days is about 3.12%,  for 20 days is about 3.39% and 
for 37 days is about 3.56%.  
 
Density         =    Submerging Density  - Density before submerging in water  x 100% 
increase %                            Density level before submerging in water 
 
The result shown  the density values increases initially to  2.38% for 1 day submergence. 
However,  it was observed that the density level decrease significantly to 0.73% between day 1 
to day 6,  0.27%  between day 6 to day 20 and 0.18% between day 20 to day 37. Based on the 
density difference obtained, it can be concluded that the density difference will eventually 
becomes 0%  as the days of submersion increases. Inaddition, it was predicted that the leakage 
level will not go beyond  4% differences(3.56% difference between before and after 37 days 
submerging).  
 
Table 4 :  Density of specimens before and after submersion 
 
Density (Kg / m3) 
After submersion 
Specimens 
Before 
Submersion 1 day 6 days 20 days 37 days 
1 2027.12 2067.53 2081.87 2088.38 2093.60 
2 1959.33 2027.12 2046.67 2055.79 2057.10 
3 1952.81 2002.35 2020.60 2020.60 2025.81 
4 2024.51 2062.31 2074.05 2076.65 2081.87 
5 2029.72 2070.13 2080.56 2089.69 2089.69 
 
 
Table 5 :  Percentage Difference between before and after submersion. 
 
% Difference (Submersion in water) Specimen 
1 day 6 days 20 days 37 days 
1 1.99 2.70 3.02 3.28 
2 3.46 4.46 4.92 4.99 
3 2.54 3.47 3.47 3.74 
4 1.87 2.45 2.58 2.83 
5 1.99 2.50 2.95 2.95 
Average : 2.37 3.12 3.39 3.56 
 
There was no sign of paint leakage on the surface of the water.  Thus we can conclude that the 
density increased could due to the fact of water penetration instead of paints leakage.  Beside 
density check,   there are better ways to detect the leakage of paints because of time constraints 
and costs. The density check is one of the cheap alternatives to do it although the accuracy level 
might not be as good as others. 
 
Microscopic  Structure of Portland Cement  Under  Conventional Curing  
 
We can see that the conventional curing structure of portland cement on 500ml water ratio has 
the worse structure as shown in Fig.4c. Uneven structure can be seen on the surface with big 
holes magnified 540 times. This further proven the experiment done on compressive strength of 
conventional curing. From the experiment results obtained,   500ml water ratio has the worst 
strength of 2.7 MPA while for a 300ml it has a compressive strength of 3.57 MPa  and 3.47 MPa 
for a 400ml water ratio. The compressive strength between 300ml and 400ml  water ratio is 
almost the same. However, the surface roughness is a contrast to its strength. Fig.4b shows that 
400ml have a smoother surface than the one on 300ml water ratio. This is proven in experiment 
as the 400 ml water ratio give the solidified cement block a better surface finish among the 3 
water ratio. 
 
Microscopic  Structure of Portland Cement  on 400 ml water ratio  Under  Microwave  
Curing 
 
From the experiment results obtained, Portland cement on 400ml water ratio gives the best 
compressive strength among the 3 water ratio when subjected to microwave curing. Therefore, 
the SEM test will focused on 400ml water ratio microscopic structure subjected to 30%, 50%, 
80% and 100% power mode. From these figures shown, 100% power mode heating has lots of 
holes and uneven bonding structure as compared to 30%, 50% and 80%. Among the 4 power 
mode, we can see clearly from the diagram that 30% power mode has the most smooth bonding 
structure with very tiny holes. It was also proven in our experiment where results shows that 
30% power mode gives the highest compressive strength (10.98 MPa recorded) while 100% 
power mode gives the worst strength (7.02 MPa recorded)  among the 4 power mode. The 
bonding structure between 30% and 50% are closely packed as shown in Fig.5a and Fig.5b. This 
is evidence from the strength recorded for 50% power mode is 9.26 MPa.  The surface for 30% 
and 50% power mode are better than those in 80% and 100% power mode as shown on the 
microscopic figures. This is due to the strong heating at higher power mode of the 
microwave.The numerous holes and uneven structure as observed in Fig.5c and Fig.5d is caused 
by steam trying to escape to the atmosphere upon boiling conditions. The situation is better on 
30% and 50% power mode heating.  This could due to the fact that at lower power rating, the 
water present in the cement is heated up gradually while those at higher power mode,  water is 
heated up rapidly. 
  
 
 
 
 
 
 
 
 
 
   
 
       (a) 300 ml Water Ratio   (b) 400 ml Water Ratio       (c) 500 ml Water Ratio 
 
Fig. 4  Microstructural Diagrams of Conventionally Cured Specimens at Varying Water Ratio 
 
 
 
 
 
 
 
 
 
 
 
 
 
        (a) 30% Power Mode  (b) 50% Power Mode  (c) 80% Power Mode  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) 100% Power Mode 
 
Fig. 5  Microstructure of Microwave Cured Specimen at Varying Microwave Power 
 
From the microscopic  figures obtained,  we can conclude that the bonding structure is more 
compact on microwave heating than conventional curing. This is evidence from the compressive 
strength results obtained where microwave curing cement have better strength than those on 
conventional curing. There are less gaps on microwave heating than those on conventional 
curing. However, the surface is rougher on microwave heating than on conventional curing. This 
could due to the heating effects of microwave energy. 
 
Table 6  :  Comparison of timings between  Microwave & conventional curing of cement            
 
Microwave curing timings (mins) Conventional Curing 
Timings (Hours) 
 
30% Mode 50% Mode 80% Mode 100% Mode 
Process 
time 
28.5 15.5 10.5 9.5 
Cooling 
Time 
256 256 256 256 
Total time 284.5 
 
271.5 
 
266.5 
 
265.5 
 
24 
 
 
CONCLUSIONS 
 
The significant factors in microwave curing of cement-waste structure were identified as follows 
: (i) Faster heating rate (ii) Better compressive strength (iii) better bonding structure of materials 
(iv) minimise leakage level of two bonding materials, and  (v) precise temperature and timings 
control.  Results have shown that from the experiments conducted,  microwave system is able to 
provide a precise temperature control on the curing of the cement-waste structure. Thermal run-
away was encountered during the study  because of the presence of water and solvents in the 
paints.  Hence temperature control provided by the microwave offer an alternative to overcome 
this problems for the curing stages.  Microwave curing improves the efficiency of the whole 
process by reducing the curing time as compared to the conventional method. Table 6 shows the 
comparison of the timings achieved  between conventional and microwave curing of cement. 
 
The data collected also indicate the advantage microwave offers for the curing  process  as better 
compressive strength was recorded over the conventional curing. Hence, based on the 
experiment conducted,  30% power mode with 400ml of  water added with 50ml of paint at a 
holding distance of  40 x 40 cm  was ideal parameters for waste disposal.Inaddition,  30% power 
mode with 400ml of  water added with 100ml of paint at a holding distance of 30 cm x 30cm  
could also be considered as the difference in the compressive strength is about 0.27 MPa  but the 
advantage is its ability to hold twice the amount of paints.  In conclusion, microwave curing 
based on temperature control produce better bonding strength and minimise the leakage level as 
compare over the conventional curing. The flexibility of temperature and time control allows us 
to determine the best parameters needed for the implimentation of waste disposal of toxic 
substances. 
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